Aim: The aims of this study were to determine the reliability, responsiveness and minimally important change score of the Multiple Sclerosis Impact Scale (MSIS)-29 physical using the Expanded Disability Status Scale (EDSS) as an anchor measure. Methods: 214 patients with multiple sclerosis (MS) (EDSS 0-8.5) had concurrent MSIS-29 and EDSS assessments at baseline and at up to 4 years of follow-up. Results: 116 patients had unchanged EDSS scores. Stability of the MSIS-29 physical (mean change 0.1 points) was better in the 85 patients with EDSS 0-5.0 than in the 31 patients with EDSS 5.5-8.5 in whom the MSIS-29 physical score fell by 8 points, a response shift phenomenon. A floor effect for the MSIS-29 was observed in 5% of stable patients at both time points. 98 patients experienced EDSS change with moderately strong statistically significant correlations between change scores in the EDSS and the MSIS-29 physical (r = 0.523, p,0.0001). Effect sizes for MSIS-29 physical change were moderate to large. Using receiver operating characteristic curves, the MSIS-29 change score which produced a combination of optimal sensitivity and specificity was chosen for both EDSS ranges. For EDSS range 5.5-8, a change score of 8 had a sensitivity of 87% and specificity of 67%. For EDSS 0-5.0, a change score of 7 had a sensitivity of 78% and a specificity of 51%. Conclusions: The MSIS-29 physical performs well over time, and is suitable for use in trials; a minimal change score of 8 points in the MSIS-29 is clinically significant.
Aim: The aims of this study were to determine the reliability, responsiveness and minimally important change score of the Multiple Sclerosis Impact Scale (MSIS)-29 physical using the Expanded Disability Status Scale (EDSS) as an anchor measure. Methods: 214 patients with multiple sclerosis (MS) (EDSS 0-8.5) had concurrent MSIS-29 and EDSS assessments at baseline and at up to 4 years of follow-up. Results: 116 patients had unchanged EDSS scores. Stability of the MSIS-29 physical (mean change 0.1 points) was better in the 85 patients with EDSS 0-5.0 than in the 31 patients with EDSS 5.5-8.5 in whom the MSIS-29 physical score fell by 8 points, a response shift phenomenon. A floor effect for the MSIS-29 was observed in 5% of stable patients at both time points. 98 patients experienced EDSS change with moderately strong statistically significant correlations between change scores in the EDSS and the MSIS-29 physical (r = 0.523, p,0.0001). Effect sizes for MSIS-29 physical change were moderate to large. Using receiver operating characteristic curves, the MSIS-29 change score which produced a combination of optimal sensitivity and specificity was chosen for both EDSS ranges. For EDSS range 5.5-8, a change score of 8 had a sensitivity of 87% and specificity of 67%. For EDSS 0-5.0, a change score of 7 had a sensitivity of 78% and a specificity of 51%. Conclusions: The MSIS-29 physical performs well over time, and is suitable for use in trials; a minimal change score of 8 points in the MSIS-29 is clinically significant. I n the past 10 years, patients' perspectives on the effect of multiple sclerosis (MS) on their well being has been addressed by the development of a number of disability and quality of life (QoL) self report scales. [1] [2] [3] The properties of such new MS scales have been examined using the Expanded Disability Status Scale (EDSS) 4 or the Multiple Sclerosis Functional Composite (MSFC) 5 as comparators. Surprisingly, despite moderately good cross sectional correlations, the longitudinal correlations of change scores have been weak. [6] [7] [8] Part of this difficulty might relate to relatively short periods of followup or differing perceptions between the patient and the neurologist as to whether change had taken place. 6 This discrepancy might in part be accounted for by a phenomenon called ''response shift'' which is well recognised in QoL studies but has not been addressed in MS self report literature. 9 The multiple sclerosis impact scale (MSIS-29) is a psychometrically designed patient reported measure of the effect of MS on activities of daily living 3 ; it has been validated in a number of patient groups and shows responsiveness to change in patients treated with steroid therapy for relapses and in the rehabilitation setting. [10] [11] [12] [13] [14] There are two parts to the scale: one part (questions 1-20) addresses physical impact and is termed MSIS-29 physical; the other part (questions 21-29) relates to psychological concerns and is termed MSIS-29 psychological. The stability, sensitivity to change and minimally important change of the MSIS-29 physical using repeated assessments in patients with accumulating disability in MS over years has not been established. Responsiveness to change is an important aspect of scale performance, particularly in its possible use as an endpoint in drug trials. The concept of minimally important change in the MSIS-29 is important in both the clinical setting and in research studies; it is necessary to know whether a change in the MSIS-29 score reported by the patient is clinically relevant.
The aims of this study were to examine the reliability of the MSIS-29 physical over 4 years in patients with stable disease (absence of relapses and unchanged EDSS scores) and to examine the long term responsiveness to change of the MSIS-29 physical in patients with worsening EDSS scores. In addition, we aimed to determine minimally important change in the MSIS-29 physical score using the EDSS as an anchor measure over a 4 year period in patients with EDSS scores 0-8.5.
PATIENTS AND METHODS
In total, 214 patients with MS (baseline EDSS range 0-8.5; 139 had relapsing remitting MS, 68 had secondary progressive MS and 7 patients had primary progressive MS) attending the neurology outpatient clinics were assessed by four neurologists who trained together in the use of the EDSS. Data collection began in February 2001 and ended in June 2005; the shortest period between the first and last collection was 2 years and the longest was 4 years (median follow-up 2 years 9 months). The frequency of attendances varied between six monthly and yearly; 214 patients were assessed on two occasions, 104 on three, 61 on four and 33 on five. When the EDSS was determined, patients were asked to complete the MSIS-29. Data were not collected from patients during a relapse or within 3 months of a relapse. The MSIS-29 physical (questions 1-20 of the MSIS-29) was scored by the research registrar and collected prospectively with the EDSS. After data were collected for up to 4 years they were then analysed.
Analysis and statistical methods
The stability of the MSIS-29 was assessed in 116 patients with unchanged EDSS throughout the period of follow-up. First and final visit scores were used to assess stability. Responsiveness was assessed in 98 patients with EDSS change. Clinically important change in the EDSS was deemed to be 1 point change in the range 0-5.5 and 0.5 point change in the range 5.5-8.5. When a patient experienced EDSS changes over more than two assessments, the separate changes in MSIS-29 physical scores were counted-for example, a patient with three MSIS-29 scores at EDSS levels 5.5, 6.0 and 6.5 was counted as having two changes with corresponding MSIS-29 change scores from EDSS 5.5 to 6.0 and from 6.0 to 6.5. The relationship between changed EDSS scores and changed MSIS-29 physical scores was examined by the Spearman rank correlation coefficient (r). Effect sizes (ES) were calculated as mean change score divided by the SD of the initial score 15 and interpreted using Cohen's arbitrary criteria (0.2 = small, 0.5 = moderate and 0.8 = large). 16 In order to examine the sensitivity and specificity of change in the MSIS-29 physical score, a receiver operating characteristic (ROC) plot was calculated. Because the lower part of the EDSS measures impairments and the upper part measures ambulation limitations, the ROC characteristics of MSIS-29 physical change were examined separately for the lower and upper parts of the EDSS range. Minimally important change of the MSIS-29 physical for the two EDSS ranges was derived from the ROC curves by using the MSIS-29 change score which produced a combination of optimal sensitivity and specificity.
Accuracy and positive and negative predictive values for the change scores were calculated.
Data were analysed using Prism 4 software (GraphPad Software Inc., California, USA).
Ethics approval for this study was granted by the Research Ethics Committee of St Vincent's University Hospital, Dublin, Ireland.
RESULTS

Baseline
The 214 patients had a range of disability from EDSS 0 to 8.5; the MSIS-29 physical scores ranged from 0 to 99. At baseline, the cross sectional correlation between the MSIS-29 physical score and the EDSS was 0.79 (95% CI 0.74 to 0.83; p,0.0001).
Stability
There were 116 MS patients who remained relapse free on follow-up, with a stable EDSS (range 0-8.5). The group median MSIS-29 physical scores showed no significant change (first visit median: 20 (interquartile range 6-49.5); last visit median: 21 (interquartile range 9-43)). Although there was no ceiling effect, a floor effect was noted in 6 (5%) of the 116 patients at both times; all of these patients scored between EDSS 0 and 1.5 at both the first and last visit.
The stability of the MSIS-29 was better for lower grades of disability than higher grades. In the 31 stable patients with an EDSS in the range 5.5-8.5, the mean MSIS-29 physical score fell by 8 points from the first to the last assessment whereas in the 85 patients with stable EDSS in the range 0-5.0, the mean change in MSIS-29 physical was only an increase of 0.1 points. The ES in stable patients with EDSS 0-5.0 was negligible at 0.01 but for those with a stable EDSS score in the range 5.5-8. 
Effect sizes
For the 98 patients with EDSS change, ES were large: for 1 point EDSS change (71 patients) the ES was 0.93, for 2 point EDSS change (37 patients) the ES was 1.4 and for 3 point EDSS change (9 patients) the ES was 2.2 (table 1). For the 54 patients with EDSS change in the range 0-5.0, ES were moderate: for 1 point EDSS change the ES was 0.57 and for 2 points the ES was 1.1.
The most marked ES were seen in the 44 patients with change in the EDSS range 5.5-8.5; for 1 step of EDSS change of 0.5 (for example 6.5 to 7.0) the ES was 1.4, for 2 steps change the ES was 1.8 and for 3 steps EDSS change (for example 6.0 to 7.5) the ES was 3.4.
What is the minimally important change?
For EDSS range 5.5-8.0
This was addressed by constructing an ROC curve comparing the changed MSIS-29 physical scores in the 33 patients who worsened by only 0.5 of an EDSS point (1 step of clinically important change) between EDSS 5.5 and EDSS 8.5 and using as controls the change in MSIS-29 physical scores in the 45 patients in the same EDSS range who experienced no worsening in the study period. The 33 patients had a mean MSIS-29 physical change score of 12.8 (95% CI 8.6 to 17.1). The ROC area under the curve was 0.854 (SE 0.42) (95% CI 0.77 to 0.94) (fig 2) . From the ROC curve, a change in the MSIS-29 physical score of 8 had a sensitivity of 87% (95% CI 73 to 95) and a specificity of 67% (95% CI 48 to 82). The accuracy of a change score of 8 in this EDSS range was 80%, the positive predictive value was 82% and negative predictive value 78% (table 1) .
For EDSS range 0-5.0
Similarly, an ROC curve was generated from the changed MSIS-29 physical scores in the 39 patients who worsened by 1 EDSS point between EDSS 0 to 5.0 using as controls the change in MSIS-29 physical scores in the 85 patients who experienced no worsening in the study period. The ROC area under the curve was 0.725 (SE 0.049) (95% CI 0.63 to 0.82) (fig 2) . Taking a change in MSIS-29 physical score of 7 had a sensitivity of 78% (95% CI 67% to 86%) and specificity of 51% (95% CI 35% to 68%). The accuracy of a change score of 7 in this EDSS range was 69%, positive predictive value was 50% and negative predictive value was 77% (table 1) .
DISCUSSION
We have demonstrated that the MSIS-29 physical has a number of characteristics and few limitations which make it suitable both as a self-report measure in long term studies of patients with MS and in phase III studies of treatment efficacy. The change in MSIS-29 physical scores showed moderately good correlation with change in the EDSS scores in the ranges 0-8.5 and 5.5-8 and weaker correlation with change in the range 0-5. In addition, the MSIS-29 physical score change demonstrated moderate to large effect sizes and importantly had moderate discriminatory power based on the ROC area under the curve of 0.85 for EDSS range 5.5-8.5. Minimally important MSIS-29 EDSS, Expanded Disability Status Scale; MSIS, Multiple Sclerosis Impact Scale; ROC, receiver operating characteristic. Summary of the behaviour of the physical component of the MSIS (MSIS-29 physical) in a cohort of 214 patients followed for up to 4 years in relation to their EDSS status. The correlation of MSIS-29 change scores with EDSS change was stronger in the upper range of EDSS disability with more robust sensitivity, specificity and predictive values. However, the MSIS-29 scores in stable patients in the range EDSS 5.5-8.5 tended to improve at follow-up, consistent with the phenomenon of response shift*. physical change scores derived from the ROC curves were similar to the slope of the regression equations derived from the linear regression analysis. Thus two independent statistical approaches to gauging a minimally important change in the MSIS-29 gave similar results. The minimally important change score for the upper part of the EDSS range showed particularly good clinimetric features. A feature of the newer scales developed in the past 10 years is that although they purport to measure similar dimensions, when compared over several years there were poor correlations between the responsiveness of the two scales. For example, a recent study compared the change in 1 year in MSFC and EDSS scores; while the cross-sectional correlations at baseline and follow-up were moderate (r = 0.72), the changes in the scores only correlated weakly (r = 0.2). 7 This may be because of different dynamics in the change scores. Change in the EDSS relates mainly to change in the timed walk test of the MSFC whereas the change in the MSFC relates mainly to change in the Paced Auditory Serial Addition Test and the Nine-Hole Peg Test. Similarly, a comparison of Guy's Neurological Disability Scale and the EDSS found only a weak change score relationship over 1 year (r = 0.19), 6 and when the MSFC was examined with the GDNS over 2 years, there was no longitudinal relationship. 8 A number of factors underlie the lack of longitudinal correlation between physician and patient assessments of change, including: (a) different perceptions of the patient and physician; (b) differing scale performance (change in sphincter symptoms has no effect on the upper range of the EDSS but could have a marked effect on a QoL measure); and (c) the response shift phenomenon. Response shift refers to a change in the meaning of the patient's self-evaluation of their target construct (MSIS-29 physical score) as a result of a change in the internal standards of measurement (scale recalibration), a change in the patient's values or a redefinition of the target construct (reconceptualisation). 9 These various factors may lead to patients reassessing their perceived limitations of everyday life and resetting goals so that they may consider that the impact of their MS is less marked than they thought formerly. In this study it was noted that stable patients with significant disability (EDSS 5.5-8.0) scored significantly better at the last assessment than the first (effect size was 20.57); we would consider this an example of response shift. Response shift is an intrinsic, unavoidable and undesirable aspect of self-report measures which may limit the validity of such measures over time.
Apart from response shift, what are the other limitations of the MSIS-29 physical? Clearly, in comparison with the more disabled patient, the MSIS-29 physical in the EDSS range 0-5 appears to be less sensitive to change with smaller effect sizes, weaker correlation of change scores and a less discriminatory ROC area under the curve, resulting in a less sensitive, specific and predictive change score. This is unfortunate as it is often these less disabled, relapsing remitting patients that are recruited into clinical trials for which responsive patient report measures are needed. The weaker relationship between the two scales in patients with low EDSS scores relates to an intrinsic defect in the construction of the EDSS. In the range 0-4.0, assessment of the EDSS is based mainly on impairments found on neurological examination and these impairments probably have little effect on the patient's perception of disease impact. For example, to move from EDSS 0 to 1.5 only requires minor sensory symptoms/signs and an extensor plantar response. In this low EDSS range, a number of patients show a floor effect in their MSIS-29 physical.
In conclusion, in this study we have established a minimally important change score for the MSIS-29 physical and demonstrated that, if validated by other groups, this patient report scale has excellent clinimetric properties which make it suitable for use in phase three studies as a secondary end point.
